The prevalence and likely cause of hyponatraemia in severe childhood malaria were investigated. One hundred and thirty two children, 47 of whom had cerebral malaria, were prospectively recruited and serial simple indices of fluid and electrolyte balance and renal function monitored during admission. In 55%, hyponatraemia (sodium <135 mmol/l) was present on admission. Hyponatraemia was pronounced (sodium s-130 mmol/l) in 21%, and these children gained less weight during admission (mean weight gain 2-4% v 4-3%) than children with a normal sodium (135-145 mmolIl).
Hyponatraemia is common in acute childhood illness, being found in as many as 31% of cases of pneumonia,1 50% of cases of meningitis,2 and many other conditions associated with either pulmonary or cerebral pathology. It is also common in severe malaria,3 and studies in adults4 and children5 have, as in childhood pneumonia and meningitis, stressed that the possible cause may be the syndrome of in-. appropriate antidiuretic hormone secretion (SIADH).
However, the diagnosis of SIADH is one of exclusion and the presence of renal impairment and hypovolaemia in particular are incompatible with the diagnosis. Renal impairment is said to be uncommon in African children with malaria6 although mild renal impairment has been described in Indian children with non-severe malaria. 7 In adults, acute renal failure is a common serious complication of malaria6 and hypovolaemia, possibly caused by dehydration, is one of many factors that have been implicated in its pathogenesis.8
Recent work in Malawian children described metabolic acidosis that often resolved with administration of intravenous fluids,9 implying that dehydration, a recognised cause of metabolic acidosis,'0 is found in childhood malaria.
For the clinician treading the path between SIADH, renal impairment, possible congestive cardiac failure secondary to severe anaemia,11 raised intracranial pressure in children in coma,12 and dehydration there is little published work to help in making decisions on fluid management in childhood malaria. Since it is usually an illness of short duration characterised by high fever, lethargy, and in severe cases the inability to drink, SIADH is an unlikely admission diagnosis. Therefore we prospectively examined children presenting with severe malaria to Kilifi District Hospital on the Kenyan coast to examine the prevalence and likely causes of hyponatraemia.
Methods
Children over 1 month of age, with a primary diagnosis of severe Plasmodium fakiparum malaria admitted during June to September 1994, were eligible for inclusion in the study. Severe malaria was prospectively defined as prostration (an inability to sit if more than 1 year of age or to breast feed if less than 1 year), respiratory distress (indrawing or deep breathing), or coma (inability to localise to pain).13
Children were excluded if they had evidence of either concurrent pneumonia on chest x ray, meningitis, or septicaemia, or were suffering from any of the following conditions: congenital heart disease, preceding developmental delay, chronic renal disease, kwashiorkor, tuberculosis, or symptomatic HIV infection.
Baseline investigations performed before the onset of treatment included: full blood count (Coulter Electronics), thick and thin blood films Giemsa stained and counted for asexual forms of P falciparum (per 100 white blood cells or 500 red blood cells), sodium and potassium (CIBA-Coming, ion selective electrode), urea and creatinine (Beckman Instruments), osmolality (freezing point depression, Advanced Instruments), venous blood gas (CIBA-Coming), and blood glucose (Analox Instruments). An aliquot of the first urine passed after admission was collected with a urine collection bag for determination of urinary electrolytes (CIBA-Coming, flame photometer), osmolality and creatinine (Beckman Instruments), and urinalysis (Multistix, Bayer).
All children were weighed immediately on electronic scales giving values in increments of 10 g over a 25 kg range (Faraday). Children were treated with either intravenous quinine or intramuscular artemether as part of a concurrent randomised controlled trial, followed by pyrimethamine/sulphadoxine when aparasitaemic and able to drink. Additional treatment, given as required, included 50% dextrose as a slow bolus over 5 min to hypoglycaemic children (blood glucose <2-2 mmolI1), and intravenous diazepam for treatment of seizures. Refractory seizures or status epilepticus were treated with either phenytoin or phenobarbitone. All children unable to localise a painful stimulus were treated with standard doses of benzylpenicillin and chloramphenicol until lumbar puncture, performed once the child could localise, had excluded meningitis.
All children were given maintenance intravenous fluids of 0-18% saline in dextrose at a rate of 75 mllkg/24 h irrespective of admission sodium. This supplied sodium at a minimum rate of 2-25 mmollkg/24 h compared to the recommended minimum daily intake of 07-2*5 mmol/kg/24 h.14 Transfusion of 20 ml/kg of whole blood or additional fluid as 0-9% saline was given for the management of severe anaemia with respiratory distress or dehydration respectively. Intravenous fluids were stopped as soon as the child was able to drink and all were then allowed to eat and drink freely. If frusemide was given with blood transfusion and a urine specimen had not yet been collected, the child was withdrawn from the study; children transfused but not receiving frusemide remained in the study.
Between 48 and 72 h after admission (hereafter referred to as day 2) each child was reweighed, blood was taken for electrolytes, urea, creatinine, and osmolality, and a second aliquot of urine was collected for determination of electrolytes. Weights were repeated on the day of discharge or the fifth inpatient day. If the child remained hyponatraemic (plasma sodium <135 mmoIl) on day 2 A p value of 0 05 was considered significant. All analyses were performed using the software package SPSS.
Results
One hundred and sixty four children were eligible for inclusion during the study period but seven died before completing the admission procedure and 25 were subsequently withdrawn from analysis (11 had received either frusemide or mannitol before urine collection; six had no urine collected; three did not have documentation of admission or discharge weight, and one each had salicylate toxicity, no admission creatinine, a prolonged clinical course because of sulphadoxine/pyrimethamine resistance, pretreatment with intravenous fluids, and severe neurological sequelae requiring nasogastric feeding). Results on 132 children (80% of those initially eligible), of whom eight died, are presented. The mean age of the children in the study was 30 (SEM 2-1) months, and 53% were male. In 72 (55%) the admission sodium was less than 135 mmol/l and in 27 of these (21% overall) it was less than or equal to 130 mmol/l, while in four (3%) it was more than 145 mmol/l. Five children were hyponatraemic on discharge (sodium <135 mmol/1). These children were not considered to have reached the prospectively defined 'normal' weight and they have been excluded from any analysis including weight change. Of these, three were discharged with a rising plasma sodium, weight gain, and fractional sodium excretion <0 35 on day 2, implying partial correction of salt and water depletion. The other two probably developed iatrogenic hyponatraemia during their inpatient care since both were admitted with normal plasma sodium but plasma urea out of proportion to plasma creatinine (8-0 mmol/l v 60 pumol/l and 26-8 mmol/l v 120 pumol/l) before administration of intravenous fluids.
In children admitted with normal plasma sodium (135-145 mmol/l), mild hyponatraemia (sodium 131-134 mmoIl), or severe hyponatraemia (sodium 130 mmol/), there were no differences in mean inpatient stay (3 9 d in each group), number with cerebral malaria (41%, 33%, and 32% respectively), or number who died (7%, 4%, and 7% respectively). Table 1 summarises further the basic laboratory and clinical information on presentation for the three groups. Children presenting with severe hyponatraemia were older than those with normal sodium (mean ages 40-1 and 24-4 months respectively, p=0005), had higher mean haemoglobin (7-2 v 5*0 g/dl, p<0-001) and higher mean glucose (7 47 v 4-21 mmolfl, p<0-001), but lower mean urea (3-46 v 5-84 mmol/l, p=0 006) and lower mean weight gain (2.4% v 4 3%, p=0 03). No significant differences were observed between groups for mean urine osmolality or geometric mean urine sodium on admission.
Of survivors who reached normal weight, 30 (25%) gained :5% and <10% in weight, and seven (6%) gained : 100% in weight, signifying moderate and severe dehydration respectively. (table 2) . However, mean creatinine and mean urine osmolality on admission were not significantly different between these groups. Of the four hypernatraemic children, all of whom survived, two were severely dehydrated (> 10%) and one moderately dehydrated (5-10%). These children were resuscitated with normal saline, in addition mmol/l) in the presence of plasma hypoosmolality (<280 mmolI1) and urine that is less than maximally dilute (>100 mmol/1).16
However, this definition is only valid in the absence of hypovolaemia, hypotension, renal, adrenal or thyroid insufficiency, congestive cardiac failure, nephrosis, cirrhosis, or other disorder resulting in generalised oedema. In addition, plasma urea and creatinine should be normal while urinary sodium is usually greater than 20 mmol/l.16 Thus SIADH could confidently be excluded retrospectively in a further 41 hyponatraemic survivors by one or more of the following features: dehydration (n= 15), an admission urinary sodium of <20 mmol/l (n=22), or a 50% reduction in creatinine (creatinine difference . admission creatinine X 100) during admission (n= 18). Of the remaining 23 children, a further 18 were unlikely to have SIADH for one or more of the following reasons: severe anaemia (haemoglobin -5 g/dl, n= 10), metabolic acidosis in venous blood (base excess -10, n=8), and more than 50% reduction in urea from admission today 2 (urea difference + admission ureaX100, n=11). This left five surviving children in whom SIADH was a possible cause of hyponatraemia, and even in these it resolved rapidly with our standard fluid management (outlined above). Furthermore measured plasma osmolality was >280 mmol/l in two and urinalysis was positive for blood in four and for protein in two of these five children, making mild renal dysfunction difficult to exclude.
Six dehydrated hyponatraemic children had urinary sodium greater than 20 mmol/l on admission. In all six there was profound metabolic acidosis (base excess -14) . In three, severe anaemia (haemoglobin <5 g/dl) was associated with hyperlactataemia (whole blood lactate > 10 mmol/l), while the other three had a normal lactate (<2 mmol/l) but plasma creatinine values that fell by 3 150% during admission. These findings suggest the presence of inappropriate renal tubular sodium loss on admission in these children.
Discussion
In the absence of a true gold standard for dehydration, acute changes in weight are often used. '7 18 We prospectively defined normal weight as the weight on the fifth day, or at discharge if this was sooner, in a child with a normal plasma sodium (135-145 mmol/l) who was eating and drinking freely. While some increase in dry weight could have occurred over such a short time, weight changes were more likely to have reflected changes in fluid balance. Since follow up weight measurements were not done an alternative explanation is that weight gain in hospital reflected pathological fluid retention. Acute malaria results in a fall in haemoglobin, often for several days after adequate treatment'9 and the compensatory requirement for increased cardiac output could result in fluid retention. Secondly, since characteristics of falciparum malaria include adherence to endothelial cells and since severe infection is associated with high levels of circulating inflammatory mediators,20 it is possible that capillary leak secondary to endothelial damage would result in fluid retention. However, we consider a normal clinical examination on discharge (no clinical oedema) of a well child makes dehydration the most likely explanation for weight gain. Thus 31% of children achieving normal weight were at least moderately dehydrated on admission by our definition (-5% weight gain).
Despite the fact that 55% of children were hyponatraemic on admission and that many of these would have fulfilled the basic biochemical requirements of SIADH, examination of urine and availability of sequential investigations and weights made the diagnosis in survivors highly unlikely in retrospect. In particular, weight gain in association with a rising sodium is incompatible with SIADH. Thus, although the causes of hyponatraemia in children who died could not be determined reliably by the methods we used, it is probable that SIADH is also uncommon in this group. Hyponatraemia (in those who died and those who survived) was associated with increased age, higher haemoglobin, higher blood glucose, lower urea, and smaller weight gain (that is, less dehydration). It thus probably results from an appropriate hormonal response to the loss of electrolyte and fluid in sweat, vomit, and stool in children treated at home with fluids of low electrolyte content (which include breast milk). We speculate that older children mount a better stress response to malaria infection, including higher levels of gluconeogenic and antidiuretic hormones. Alternatively, it may be easier to maintain fluid intake at home in older children in whom complications such as severe anaemia and hypoglycaemia (but not encephalopathy) may take longer to develop.
In surviving children, obvious falls were observed in plasma creatinine and urea during admission, but the clinical significance of this is less clear cut. Oliguric renal failure was not observed in survivors and although 13 children had admission creatinine of at least 120 iimol/l normal values were rapidly achieved with appropriate fluid resuscitation. Obviously, the extent of renal impairment could not be determined in children who died. Our results support a role for hypovolaemia (dehydration) in the mild acute renal impairment found in survivors of severe childhood malaria. This is consistent with low creatinine clearances and low central venous pressures found in a group of critically ill children with malaria (M C English et al, unpublished data) and with theories on the pathogenesis of renal failure in adults. 8 Malaria may also directly affect renal function, since a sodium losing state was apparent in at least six children and admission urine osmolality was inappropriately low in some dehydrated children, suggesting the presence of a urine concentrating defect. Glomerular changes frequently occur in adult malaria8 and may account for the presence ofblood and protein in the urine of many children in this study. Alternatively, haemoglobinuria accompanying haemolysis may have been the cause. As urine microscopy was not performed, we could not determine which cause predominated. Similarly, since the presence of haematuria or proteinuria was much more common than anticipated, routine follow up was not part of the study design. Thus how long abnormalities persisted in affected children is unknown. However, the observed abnormalities appeared to have little clinical significance if children were adequately resuscitated with fluids, although in prostrated or comatose children not given adequate electrolyte and fluid replacement intrinsic renal impairment might result in a worsening of both hypovolaemia and renal function.
Our study has several implications for the management of children with severe malaria. Firstly, dehydration is relatively common and requires treatment. Secondly, in children who are hyponatraemic sodium depletion which exceeds water depletion is much more likely than SIADH. Thus a general policy of fluid restriction for children in coma may contribute to renal impairment. If hypotonic solutions, or isotonic solutions mainly comprising glucose, are used when restricting fluids in children they may exacerbate hyponatraemia in those who have an appropriate antidiuretic hormone response. This may contribute to raised intracranial pressure and predispose to seizures.21 Thirdly, we did not expect to find hypokalaemia so often in these children, most of whom had been on intravenous fluids for less than 24 hours, although mild diarrhoea and vomiting are frequently associated with malaria in children. Early potassium supplementation should therefore be considered, particularly in those with metabolic acidosis, since unnoticed hypokalaemia may cause cardiac dysrhythmias, worsen renal tubular function, and, by impairing skeletal muscle contractility, contribute to late respiratory arrests.
The current view is that fluid should be restricted in children with pneumonia and meningitis in developing countries' 2 if they have no overt signs of dehydration, because of the risk of SIADH. We suggest that in our patients appropriate antidiuretic hormone secretion prevented dehydration (and thus its clinical signs). This possibility needs to be investigated in pneumonia and meningitis in developing countries, in view of recent evidence that children with meningitis are relatively hypovolaemic.22 Adequate sodium given to children with appropriate antidiuretic hormone, even in modest fluid volumes, is likely to resolve hyponatraemia. If SIADH is present, any excess sodium given results in nothing worse than an increase in urinary sodium excretion.23 Sodium restriction (often inadvertent) should not be the inevitable consequence of fluid restriction, and SIADH, which is probably uncommon, should remain a diagnosis of exclusion in severe childhood malaria.
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